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1	Introduction 
As a first step for enabling even higher frequency ranges for the NR radio system, 3GPP RAN was studying operation in frequency bands above 52.6GHz and up to 114.25GHz [1], for which the corresponding TR 38.807 [2] captured global spectrum availability, regulatory requirements, and potential use cases. After RAN#86 meeting, a new SI was agreed that aims at studying more specific technical aspects on how the NR technology can be adopted to the 60GHz frequency range [3]. Referring to the corresponding SI description, the scope has been narrowed down to the operation between 52.6 GHz and 71 GHz. Furthermore, it has been also agreed that existing waveforms will be re-used thus tasking RAN WG1 and WG4 to study "of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments".   
During RAN4#97 meeting, a number of contributions concerning 60GHz numerology were submitted, based on which the following WF was formulated [6]; however, there are still quite many open aspects on the minimum and maximum channel bandwidth, as well as spectral utilisation. In this discussion paper we present our further views on potential numerology for the 60GHz frequency range focusing on number of RBs, achievable spectral utilisation, and channel bandwidth. 

2	60GHz numerology and channel bandwidth 
Table 2.2-1 below makes a summary of potential numerology options based on existing and new sub-carrier spacing. As agreed in RAN WG1, the following sub-carrier spacing values are being considered for 60GHz: 120kHz, 480KHz, and 960kHz. For the sake of clarity, Table 2-1 presents parameters of a single component carrier, which in turn can be used by carrier aggregation to cover larger channel sizes that can cover a single 2.16GHz MGWS channel [4] [5]. Different numerology options are grouped around the same sub-carrier spacing, comments for which are presented below. It is worth mentioning that number of RBs for higher SCS sizes are exemplary ones and are determined based on the target channel utilization of approximately 95%.
-	120kHz SCS. This option can be viewed as the baseline or the legacy option as it just leverages existing single carrier parameters available in FR2. By aggregating 5 component carrier, the whole channel bandwidth of 2.16GHz can be covered. 
-	480kHz SCS. Option 480_a is an outcome of further scaling of 120_a and 240_a allowing a single component carrier of 1600MHz. As in case of 240_a, a combination of e.g. 1600+400 carriers will be needed to cover, if needed, the whole 2.16GHz channel. In that sense options 480_b or 480_c looks more appealing as one can aggregate 2 or 3 component carriers achieving good spectral utilisation. 
-	960kHz SCS. Finally, by adopting 960kHz SCS one can adopt a single large component carrier that will fit the whole 2.16GHz channel. It also possible to consider 1GHz channel size, if needed, as further exemplified by option 960_b. 

Table 2-1: Component carrier parameters
	Option
	SCS (kHz)
	N_rb
	FFT
	Transmission bandwidth (MHz)
	Channel bandwidth (MHz)
	Utilization (%)

	
	
	
	
	
	
	

	120_a
	120
	264
	3168
	380,16
	400
	95,04

	
	
	
	
	
	
	

	480_a
	480
	264
	3168
	1520,64
	1600
	95,04

	480_b
	480
	160
	1920
	921,6
	1000
	92,16

	480_c
	480
	115
	1380
	662,4
	700
	94,63

	
	
	
	
	
	
	

	960_a
	960
	174
	2088
	2004,48
	2100
	95,45

	960_b
	960
	82
	984
	944,64
	1000
	94,46

	960_c
	960
	58
	696
	668,16
	700
	95,45



As already captured in [6], carrier aggregation is considered for the 60GHz operation. Thus, Table 2-2 presents estimated 2.16GHz channel utilisation for different carrier aggregation scenarios. 

Table 2-2: 2.16GHz channel utilization for the single carrier and carrier aggregation scenarios
	Option
	Single carrier bandwidth (MHz)
	Number of aggregated component carriers

	
	
	1
	2
	3
	4
	5

	
	
	
	
	
	
	

	120_a
	400
	17,6%
	35,2%
	52,8%
	70,4%
	88%

	
	
	
	
	
	
	

	480_a
	1600
	70,4%
	
	
	
	

	480_b
	1000
	42,67%
	85,33%
	
	
	

	480_c
	700
	30,67%
	61,33%
	92%
	
	

	
	
	
	
	
	
	

	960_a
	2100
	92,8%
	
	
	
	

	960_b
	1000
	43,73%
	87,47%
	
	
	

	960_c
	700
	30,93%
	61,87%
	92,8%
	
	



Referring back to Table 2-1 and 2-2, it is possible to make the following preliminary observations:
-	Existing FR2 numerology based on 120kHz SCS combined with carrier aggregation can be used to utilize the whole 2.16GHz channel;
-	From an individual UE perspective, it can be configured even with one or two component carriers, while the whole system can operate at the whole 2.16GHz channel configuring and scheduling UE accordingly; 
-	From the numerology perspective, the only downside of 120kHz SCS is a potential scheduling overhead if a particular UE is configured with e.g. 5 component carriers;
-	The benefit of 120kHz SCS is a possibility to have higher PSD for small frequency blocks, if so needed by an operator;
-	Higher numerology can obviously benefit from lower scheduling overhead; 
-	As already discussed in RAN WG1, sub-carrier spacing larger than 120kHz SCS can mitigate phase noise needed for higher-order MCS;
-	Increasing further sub-carrier spacing will impact TTI size and, as a result, will impact further RF and BB timing;
-	The best 2.16GHz channel utilization can be achieved when there is a single 2100MHz channel or three aggregated 700MHz channels. Nevertheless, two aggregated 1000MHz channels as well as aggregated 400-500MHz channels also provide a good utilization of around 88%.


As for the minimum and maximum channel bandwidth, the following key observations could be made:
-	For 120kHz SCS, we can follow the legacy numbers according to which the minimum channel bandwidth is 50MHz and the maximum channel bandwidth is 400MHz. It should be discussed further whether 400MHz will remain optional or will be mandatory.
-	For 480 and 960kHz SCS, the maximum channel bandwidth can be considered as 1600 and 2100MHz, respectively. Nevertheless, it should be discussed further whether 1600MHz channel is really needed for 480kHz SCS. As an example, 400MHz is an optional channel bandwidth for 120kHz SCS and 480kHz SCS might follow the same logic.
-	As for the minimum channel bandwidth for 480 and 960kHz SCS, this decision should be based on further input from the regulatory domain accounting for practical frequency block allocations in that frequency range. As illustrated in number of contributions, a smaller channel bandwidth can provide higher PSD that is essential for coverage; and from that perspective 50MHz minimum channel bandwidth can be also considered. At the same time, it is highly anticipated that the main scenario for 480 and 960kHz SCS will be hot spot and/or indoor-like scenarios for which coverage is not the main criterion, but rather maximum throughput. 
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3	Conclusions
In this discussion paper we have provided our initial view on potential numerology options for the 60GHz band. As further detailed in the paper, purely from the numerology perspective 120kHz sub-carrier spacing values can be sufficient for the 60GHz frequency range. At the same time, higher sub-carrier spacing value(s) will have more noticeable impact to the existing design and protocols inevitably increasing time-to-market of 60GHz. 
Proposal 1:	Capture potential number of RBs for 120, 480, and 960kHz SCS.
Proposal 2a:	For 120kHz SCS, the minimum and maximum channel bandwidth can follow legacy numbers, i.e. 50MHz and 400MHz respectively.
Proposal 2b:	For 480kHz and 960kHz SCS, the decision on the minimum channel bandwidth should be based on further regulatory input on typical frequency block allocations.
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